With the exception of a 4-week-old infant, their ages range from 3 to 18 years, with both mean and median age, 10 years. All but two of the patients are male; nine had symptoms of chest pain, fatigue, dyspnea, or syncope; 15 had electrocardiographic evidence of left ventricular hypertrophy; six had a cardiothoracic ratio greater than 50 per cent.
In three patients, the sole indication for operation was a severe gradient in the absence of symptoms, cardiac enlargement, or abnormal electrocardiograms. The gradient in patients operated upon ranged from 56 to 138 mm. Hg.
The operation was performed with use of a rotating disc oxygenator and whole-body perfusion at 25 C. The oxygenator in all instances was primed with heparinized blood. Cardiac arrest was ischemic and coronary perfusion was not used. 732 The approach to the valve was through a transverse aortotomy. 5 Following commissurotomy, 17 (75 per cent) of the valves were bicuspid, and 6 (25 per cent)
were tricuspid ( fig. 1) This contrasts with the range of 56 to 138 mm. Hg and an average gradient of 89 at the time of the preoperative catheterization. The systolic gradients at follow-up catheterization fell within 20 mm. of the postoperative gradients measured at the time of surgery in all but two patients studied. Both of these patients had lower gradients at the time of the postoperative catheterization than at operation.
The gradient at the time of surgery, before opening the valve, was below the gradient found at cardiac catheterization in 19 of the 23 patients, and in only four was it equal to or greater than the gradient obtained at cardiac catheterization. This is presumed to be an indication of a decreased cardiac output, resulting from anesthesia and thoracotomy. The reduction of the gradient after commissurotomy probably was not related solely to the decrease in cardiac output associated with surgery, since the aortic pressure rose in most instances after valvulotomy and the termination of the perfusion (figs. 2 
and 3).
Postoperative Regurgitation
The degree of regurgitation was classified in four major groups. The end-diastolic left ventricular pressure remained the same or rose no more than 8 mm. Hg in patients with moderate insufficiency. The heart size, as evidenced by the cardiothoracic ratio, remained normal in these patients. In the patient with severe insufficiency, the end-diastolic pressure had risen from 10 to 38 mm. Hg. In this patient, the cardiothoracic ratio had increased from 48 per icent to 57 per cent.
Analysis of Cases
The 23 patients were examined for features that might distinguish those who developed postoperative regurgitation from those who did not. Both groups were similar in age, distribution of electrocardiographic abnormalities, and initial gradients. Follow-up studies showed no relation between the gradient remaining after surgery and the incompetence of the aortic valve. Two of the patients had faint diastolic murmurs preoperatively and postoperatively, leading to their inclusion in the group of patients with postoperative regurgitation. The patient with a valve composed of three equal cusps, who postoperatively had severe regurgitation, had a grade I11/VI diastolic murmur preoperatively.
The anatomy of the valve appears to play a role in the production of aortic regurgitation, insofar as it modifies the technical performance of the commissurotomy. Five of the six patients whose valves were made tricuspid had valvular incompetence after surgery, whereas eight of the 17 patients with valves made bicuspid had incompetence. In nine Circulation, Volume XXXII, November 1965 of the 10 patients who had competent valves postoperatively, only one commissure was opened. Six of the 13 patients who had incompetence had two commissures opened.
Since eight of the 13 patients who had postoperative regurgitation had valves that were made bicuspid, the number of commissures opened is not necessarily the most important factor in the production of the incompetence. Nine instances of postoperative regurgitation appeared among the first 10 patients in this series, whereas there were only four instances among the last 13.
Although a two-commissure valvulotomy was most common in the first 10 patients (40 per cent) than among the last 13 patients (15 per cent), the extent of the commissurotomy compatible with both effective gradient reduction and valvular competence involves judgment that obviously improves with experience.
Discussion
Although the patients with regurgitation have gradients within the same range as those without, the amount and incidence of regurgitation probably bear some relation to the amount of gradient reduction. This conclusion is suggested by comparing our series with a series of 33 patients reported by Ellis, Ongley, and Kirklin.1 10 Fourteen of their patients had an audible diastolic murmur postoperatively, none with incompetence of significant hemodynamic degree, however. This is both a smaller incidence and an apparent lesser severity of incompetence than those reported in our series. On the other hand, 10 of their patients had severe residual gradients exceeding 50 mm. Hg, averaging 76 mm. None of the patients in our series had a residual gradient higher than 52 mm.
These Thirteen of the 23 patients have an audible postoperative diastolic murmur. In two this murmur was present preoperatively. Eight of the 13 are considered to have mild aortic regurgitation, four moderate, and one severe. Of the 18 patients with competent valves or mild regurgitation, all have normal electrocardiograms. Ten of these 18 patients had electrocardiographic evidence of left ventricular hypertrophy before surgery. Four of the five patients with moderate or severe regurgitation have electrocardiographic evidence of left ventricular hypertrophy. These patients have all been followed from 3 to 5J2 years. There is no evidence that the amount of regurgitation has either decreased or increased since surgery. The gradients measured at cardiac catheterization before operation range from 138 to 56 mm. Hg, with an average of 89 mm. Postoperatively, these gradients ranged from 45 to zero, with an average of 27. Pressures measured at the time of operation before and after valvulotomy agree favorably with the pressures measured at the time of cardiac catheterization before and after valvulotomy.
The development of postoperative regurgitation was found to be related to the incision of a rudimentary raphe which made an anatomically bicuspid valve tricuspid. It is also related to the position of the patient in the series, the regurgitation occurring most frequently in the first half of the series. Comparison with another series with a high Circulation, Volume XXXII, November 1965 residual gradient, but a lower incidence of the severity of regurgitation, suggests that the optimal gradient reduction may be purchased at the expense of an unavoidable amount of aortic regurgitation. This aortic regurgitation, however, is not necessarily hemodynamically significant.
